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ABSTRACT 

This paper describes fire resistivity studies of a wide range of 
candidate nonmetallic materials for the construction of improved fire 
resistant aircraft passenger seats. These materials were evaluated 
on the basis of FAA airworthiness burn and smoke generation tests, 
colorfastness, limiting oxygen index (LOI) , and animal toxicity 
tests. Physical, mechanical, and aesthetic properties were also 
included in the evaluations. 

Candidate seat materials that have significantly improved 
thermal response to various thermal loads corresponding to reason- 
able fire threats as they relate to in-flight fire situations, are 
identified . 
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INTRODUCTION 


The raalor Intorlor on-board flro throat potential In commeroial passenger 
aircraft Is the nonmetalllc components In the passenger seats. The major com- 
ponents of aircraft passenger seats are the polymeric cushioning material .'ind« 
tc a lesser degree, the textile fabric covering; together they represent a 
large quantity of potentially combustible material. Each aircraft passenger 
seat consists of about !>.^ kg of nonmetalllc material, the major component 
being the seat cuslilon. 

Modern day wlde-body passenger jet aircraft kive from 27b to SOO passen- 
ger seats. rhe select Ion I’f t lie lu'nmetalllc ci'mponent s tor the construction 
of the seats requires a careful cons Iderat Ion of the thermal characteristics 
of each seat component . The modern aircraft passenger seat provides tminy 
functions other than those of the seats used In earlier aircraft (Figure 1). 
Early passenger seats were of tubular frami' construction with little styling 
and were essentially designed to meet the load requirements of n.b g. Figure I 
Is typical of the p.issenger seats used in the DC J and DC 4. The modern air- 
craft passenger seat (Figure 2) is optimally engineered tor comfort and con- 
venience, Is compact and well suited for close-pitch, high-density operation. 

Is lightweight, and of rugged const ruct Ion. The seat frame is of tubular 
aluminum const ruct ion, sheet-metal floor and t rack-mounted. The nylon bottom 
support, which gives comfort and life to the flotation bottom cushion, has the 
adv.intage of ruggeduess and minimum maintenance. 

rhe lu'nmetallic component s I'f the seat represent some S.9 kg (1.1 Ibl of 
matt'rial whose thermal ch.ir.ict er i st ics must be criticallv ascert .i ined . iH’er 
h.i 1 1 of the seat's weight in nonmetallics is due to the pol\'merlc foam cushion- 
ing nviterlal. The polvmi'rlc foam cushion must meet requirements such as: 


(I) resilience, (2) low total heat release, and (3) low toxicity cind smoke 
generation. The fabric covering Is usually the first part of the seat exposed 
to a fire and must (1) be resistant to Ignition, (2) have low flame spread, 
and (3) be low In smoke and toxic gas generation. In addition, the fabric 
must wear well and be fade resistant. Aircraft passenger seats are generally 
airline furnished and are purchased from aircraft seat manufacturers. As a 
result, there is a wide range of material options. 

It was realized in this study that many materials, when subje* ted to 
laboratory-scale tests, can pass the guideline criteria of flammability, smoke 
production, and toxicity, but fail when subjected to full-scale testing. This 
study represents one phase of a materials study in the development of improved 
fire resistant aircraft passenger seats [1,2]. Full-scale testing of actual 
aircraft seats in a simulated aircraft fuselage will complement this develop- 
mental program. 


F-XPERIMENTAl. METHODS 

Experimental analyses presented in this studv were conducted at McDonnell- 
Douglas Corp. , Long Beach, Calif., under contract NAS2-9337. Screening tests 
(Figure 3) were selected based on reasonable fire threat levels in order to 
identify t!ie ty|>es of properties related to in-flight fire situations. 

Materials were classified on the basis of anticipated end use in seat design 
and construction. Materials were categorized as: (1) decorative fabric 

coverings, (2) fireblocking layers, and (3) cushioning layers. Classification 
ot materials was made based on screening and performance test data as well as 
on other criteria such as raw material availability, available thickness, and 
manufactur Ing 1 imitat ions. 
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All nuiterlals (Table 1) were first screened In accordance with current 
FAA burn requirements. The combination of screening tests used (Table 2) 
represents significantly higher fire resistance performance criteria than cur- 
rent laboratory test standards Imposed on aircraft seat materials, A modified 
version of the FA;\ airworthiness burn test (FAR 23.8S16) took Into con- 
sideration materials that melt or drip; such melting or dripping effectively 
removes the sample from contact with the flame, thus reducing the exposure 
time. The vertical htirn test (equivalent to DNIS 1511 and FTMS 191 No. 5903) 

Is a standard 12-sec vertical burn test which was modified only as to how the 
sample was secured. Each specimen was clamped in such a manner that the back 
surface was in direct contact over the entire surface with a single layer of 
MlL-C-9084 glass fiber cloth. This permitted an exposure area of a minimum of 
50 cm by 30.5 cm. The direction of the specimen correspond Ing to the most 
critical burn rale was parallel to the 30.5 cm direction. Foam samples 3.8 cm 
thick were utilized in these tests. Materials for these tests had fire retar- 
dant additives which provided Increased flammability resistance and were sub- 
jected to an additional test for permanence of the retardant when aged at 7A“ C 
for 72 hr and then retested or subjected to FAA burn test (FAR 25.853(b)). The 
two materials showing the greatest change were then terted for smoke per NBS 
Technical Note 708 to determine any effect of aging on smoke generation. No 
testing for persistence after laundering or dry cleaning was done. The results 
of the screening tests were reported In Tables 3, 4, and 5 and fire retardant 
additive persistence tests are reported In Table 6. 

Candidate materials were tested for weight loss by standard procedures of 
thernml gravimetric analysis. Dat.i were obtained using .i DuPont Instruments 
Division Thernujl Analyzer. Samples (5-15 mg) were Introduced into the sample 
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dish and pyrolyzed at a heating rate of 20“ C/mln in dry air at a flow rate of 
75 ml/min. Rates of weight loss versus temperature were recorded. Samples 
were pyrolyzed in this manner until no further weight change was detected 
(Figures A-6) . 

Performance tests used to assess the mechanical and physical properties 
of candidate materials are presented In Table 7. These tests were performed 
by the material suppliers and results were submitted with the samples. Per- 
formance test criteria were selected in order to ensure that materials passing 
these requirements would be equal to or better than current seat materials. 

EVALUATION OF PRODUCTS OF COHBUSTION 

The equipment used for evaluating the pyrolysis and combustion products 
generated by candidate seat materials was essentially a modification of the 
apparatus employed In a study by Gaume [3]. It consisted of a test chamber 
made of rectangular glass and had a plexiglass lid. The exercise wheel and 
drive mechanism, electrical power leads, radiation heat shield, gas sampling, 
and thermocouple tube feed-through lines (Figure 7) were attached to the plexi- 
glass lid. The chamber was sealed with a silicone rubber gasket and the lid 
secured with clamps. 

Each test subject (mouse) was held In place inside the exercise wheel with 
a transparent plexiglass disc. A modification was found to be necessary 
because the test subject tended to ride the hardware screen lid previously 
used In the free-turning wheel tests. 

A final assembly is shown in Figure 8. Power leads from a 110 V a.c. 
varlac transformer wired in series with an a.c. ammeter and in parallel with a 
voltmeter were connected to the external leads on the chamber lid. A 
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variable-speed controlled electric motor drive was attached to the exercise 
wheel vertical friction drive Just prior to a test. 

Swiss albino male mice of the Webster strain weighing 25-37 g were used 
for most of the tests. Several Initial tests were conducted with mice of 
mixed breed and unknown strain. 

In the range of 1-2 g, material samples were weighed within +0.1 mg. The 
tare weight of the heating coll and pyrolysis tube was recorded for each run 
so that the quantity of material pyrolyzed Into the 5.3-llter free volume of 
the chamber was calculated after the conclusion of each test run, to determine 
the efficiency and repeatability of the pyrolysis. 

The toxic endpoints selected for these tests were time to Incapacitation 
Tj and time to death Tj. With rare exceptions, Tj^ was determined to a 
precision of about one revolution of the exercise wheel (10 sec), and Tj was 
determined on the basis of time to cessation of breathing. 

Measurements of Internal temperature and oxygen residual associated with 
thermal decomposition of the samples Indicated maximum temperatures of 
30°-A0“ C and oxygen levels above 15%. Therefore, hyperthermia and anoxia 
were not significant factors In animal mortality, but probably contributed 
marginally to the Tj^ determination. Pryor et al. [4] reported 4-hr lethal 
temperatures of 49“ C (120“ F) and an oxygen concentration of 7.5% for mice. 
Swiss albino male mice, however, have shown less resistance to temperature, 
averaging 77 min survival time at 40“ C (104“ F) as reported by Maul et al. [5]. 

The test was terminated at the end of a 30-mln test period if the animal 
subject survived. These animals were not used In additional testing. Detailed 
post-test observations and pathological examinations were not made on surviv- 
ing animals. Within the scope of the 30-mln acute exposure procedure, the 
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recorded data were limited to the and Tj determinations as measures of 
short-term survivabllltVi rather than a determination of of LD^q, which 

require more testing. 

Each animal was acclimated to the powered wheel for a short period (2 min) 
with air circulating through the chambei prior to a run. The air supply was 
shut down, and an electronic timer started at the name time the power was 
applied to the pyrolysis ttibc heating coll. Input energy was adjusted to 
5.1 A which provided a heating profile of about 300“-400® C per minute inside 
the pyrolysis tube, depending on the quantity and packing density of sample, 
sample ‘hernuil conductivity, decomposit ion temperature, heat capacity, and 
orientation. The pyrolysis phase was limited to 200 sec; the temperature 
inside the pyrolysis tube exceeded 800“ C at that time. 

Examination of sample residues and weight measurements indicated that 
practically complete decomposit ion occurred in the 200-sec heating interval 
for most materials, as shown by the char yield (6). 

RESULTS AND DISCUSSION 

Thirty-nine candidate materials (Table 1) for use In the construction of 
Improved fire resistant aircraft passenger seats were screened (Figure 3) in 
this study. Due to the number of candidate materials and the developmental 
nature of this study it was necessary to designate baseline materials. The 
baseline nuiterials screened are representative of nuiterials currently in use 
on aircraft. Tlie baseline fabric consisted of 90% wool and 10% nylon that had 
a density of 457 g/m* ; the baseline cushioning material was a fire retardant 
treated urethane foam with a density of 0.03 g/cm’. 
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The decorative fabric covering Is generally the first component of the 
seat to be subjected to the heat flux from a fire. The decorative fabric 
coveting must be appealing to the eye and must meet a wide variety of require- 
ments such as colorfastness, resistance to ignition, low flame spread, and 
good wearability. Due to these requirements It was necessary to establish 
mandatory criteria In comparing the various materials and their suitability 
for utilization in specified components of seat construction (for example 
decorative fabric or cushioning foam). The first level of importance In con- 
sidering candidate materials for decorative fabric covering applications is 
(1) color fastness, (2) color availability, (3) FAA burn and smoke tests, 

(A) resistance to ignition, and (5) low flame spread. Heat release was not 
considered to be of first level of importance due to the small mass of fabric 
distributed in the seat. 

On the basis of the mandatory requirements listed in Table 6, the follow- 
ing nuiterlals were eliminated as unsuitable for use as decorative fabric 
materials due to fading: (1) lOOX cotton double knit (sample No. 102) (this 

fabric also showed poor abrasion resistance in performance testing; (2) the 
drapery fabric 100% nomex (sample No. 101); and (3) kynol-nomex blend (sample 
No. 105). The nylon backed with neoprene vonar No. 3 (sample No. 106) did not 
meet the FAA burn test criteria (FAR-25. 853(b)) and the urethane coated nylon 
fabric was at low tear strength and was not available In a sufficient number 
of colors. Subsequently they were eliminated for consideration as decorative 
fabric nuiterials. 

The fabric samples that met the mandatory requirements for application as 
decorative fabric coverings (Table 3) were: (1) the baseline fabric (sample 

No. 104) which is a wool/nylon blended fabric; (2) a fire retardant treated 
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nylon (sample No. 100); and (3) kermel/wool blend (sample No. 101, Table 1). 

The toxicity of these materials on a comparative basis (Table 3 and Figure 9) 
was lower tlian that of the baseline material. These three fabric materials 
are currently in use as upholstery materials in aircraft passenger seating. 

It is of interest to note that nomex, which is not colorfast but is aestheti- 
cally appealing is utilized in airline seat upholstery. 

The fire blocking layer is a new aircraft seat design concept (Figure 10) 
i'.nd is designed primarily to function as a thermal barrier; it is not, however. 
Intended to compensate for cushioning materials that do not meet fire resis- 
tivity levels set forth in the screening test ciiteria of this study. A fire 
blocking layer would accomplish the following: (1) insulate, to delay the 

involvement of foam cushion in the fire situation, (2) provide mechanical 
enhancement of the tear strength of the foam cushion, and (3) provide a smooth 
sliding surface which facilitates the ease of removal or installation of the 
decorative fabric cover. To be considered for fire blocking applications, a 
material must pass «.he Pill ignition test in which the fabric must demonstrate 
a resistance to flame spread and a slow rate of heat release. 

All candidate materials for fire blocking applications passed the FAA 
burn and smoke requirements. These materials showed good resistance to flame 
spread and passed the ignition test. 

Polybenzimidazole materials (fabric and batting Nos. 204 and 205) and a 
proprietary material known as Black Batting (No. 206) showed excessive shrink- 
age and produced highly toxic gases upon pyrolysis, as evidenced in our animal 
toxicity studies (Figure 11 and Table 4). In the case of polybenzimidazole 
(PBI) we attribute the shrinkage problem and toxicity to the nature of the 
sample; namely, the PBI fibers were natural and unstabilized rather than acid 
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stabilized. The supplier of the PBI material Is expected to supply acld- 
stablllzed PBI material In the near future for evaluation In another study. 
Because of Its proprietary nature, not much Is known about the Black Batting 
material; however, the material produces a highly potent toxic gas upon pyroly- 
sis, as evidenced In our animal toxicity studies (Figure 11 and Table 4), It 
was therefore dropped from the program. The kynol batting material (on poly- 
ester scrim needle punch) sample No. 203 (Table 1) proved the best all-around 
fabric in both screening and performance testing (Table 7). 

In general, the kynol fabrics show a longer time to subject incapacita- 
tion than any of the synthetic fabrics, based on animal toxicity studies 
(Table 4). 

The neoprene inter liner called vonar No. 3 (7] performed well in the 
screening tests and in the animal toxicity studies, but in the area of smoke 
generation there is room for Improvement. 

Of the 11 candidate materials for fire-blocking-layer applications, three 
were suitable. The other materials will be dropped from the program. The 
three materials that met the requirements for a fire blocking layer material 
(Table 4 and Figure 9) were: (1) kynol batting sample No. 203, (2) neoprene 

Interllner (vonar No. 3) sample No. 210, and (3) nomex III, sample No. 214. 
These materials are recommended for utilization in the third phase of this 
study which will involve the construction and full-scale testing of prototype 
passenger seats. The next study phase will Involve continued testing to 
ascertain and identify the contribution of the fire-blocking layer to the 
enhancement of the fire resistivity (flame penetration. Insulation, etc.) of 
the seat. 
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Cushioning nuiterials make up over half the weight of nonmetal 1 Ics In an 
aircraft passenger seat. From the standpoint of flammability* polymeric foam 
materials present quite a ehalleiige. The enhancement of fire resistivity of 
polvmerlc foams Is a problem because of their rather large surface area for 
the potential Initiation of combustion. Resistance to ignition was the primary 
nuindatorv requirement for aircraft seat cushioning m.iterial candidates 
(Table 8). Heat release rate, development, and toxicity are of the first 
level of importance due to the .uiu’unt of cusliioning material used in aircratt 
passenger seats. 

Of tiie nine cushioning m.Uerials, only tour met dlmension.il criteria of 
being .ivailable in thicknesses from 7.b cm (3 in.) to 10.2 cm (4 in.l. Thev 
were the urethane b.aseline foam (No. gl.iss fiberblock loam (No. 300), 

'.II. neoprene foam (No. 307), and neoprene foam called Koylon Firm Foam (No. 308). 
The neoprene fo.am (No. 308) was dropped from the program due to snh'»ke genera- 
tion levels th.it exceeded the recommended limits ol lAR 2S, 853(b) (Table 5). 

The other cushioning nuiterlals, .ilthough not available in the required thick- 
nesses, could possiblv be built 1 1 ' gre.iter thicknesses by plying them or by 
using them in multil.iver cushion .'onst ruct ions . Of all the cushioning 
nuiterlals tested, the glass fiberblock tested far above the baseline urethane 
foam and the other cushioning l.iver candidate materials. The glass fiberblock 
nuiterlal did not ignite at all in the Pill test ASTM 0 2850 and had the Ic'west 
NBS smoke gener.it ion value (T.ible 5). The HI. neoprene foam (No. 307) was the 
next best cushioning material but there is room for improvement in the area of 
smoke product ion. HI. neoprene was also low in toxicitv (Figure 12). 

A rather he.ivv flexible urethane fo.im fli.2 g/cm’, s.n^plc No. M'>2) and a 
neoprene f oam (s.imple No. 308' were dropped from the progr.im because thev 
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failed the recommended limits for smoke generation (Table 5). The silicone 
foam (Nos. 304 and 305) and the HL neoprene foam tested to FAA burn and smoke 
requirements; their only disadvantage is their density. The low toxicity 
values of the silicone foam's pyrolysis products in our animal toxicity studies 
(Table 5 and Kigu.e 9) Justify further study of these materials. The poly- 
phosphazene APN foam (No. 307) was quite toxic in terms of time to incapacita- 
tion in our animal tox^cltv studies (Figure 10) and app**ared w»’ak mechanically; 
the sample was dropped from further consideration in this study. 

Table 8 lists the candidate imiterials that met all the mandatory require- 
T ? :s for utilization in various aircraft seat components. 

CONCLUSIONS 

This study has attempted to crltlcallv ascertain the thermal response 
character Int Ics or fire reslstivitv of ea<'h component of an aircraft passenger 
seat. A data base has be-'n constructed for a wide range of candidate fire 
resistant seat materials from which material selections have been made for 
Incorporat Ion in the next phase of this developmental progr.am. 

The criteria established in this progr.im were in some cases at a higher 
level than standard tests. The modified burn test for nuiterials that melt or 
drip, and bv so doing are renu'ved from the fl.ime, and the Pill test for cush- 
ioning or foam rn.iteri.ils, represent a higher seat material standard than cur- 
rent FAA requirements. The baseline fabric and foam in current use were 
entirely consunn'd during the mi'dlfled burn test. The modified burn test more 
closelv represents a combined material (fabric on foam) and is more in accord 
with an actual fire situ.it ic>n. 
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Some of the materials tested were still In the developmental state and 
the possibility exists that their thermal characteristics can be Improved by 
making minor modifications in their formation. New materials that are being 
developed which are advantageous to the development of Improved fire resistant 
aircraft passenger seats and meet the time constraints (commercial availability 
by 1980) will continue to be evaluated in the next phase of this program. 
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Table 1. Candidate Aircraft Seat Materials Tested. 


SAMPLE 

NO. 

SAMPLE 

FORM 

GENERIC 

TYPE 

MATERIAL DESCRIPTION 

DENSITY 

100 

FABRIC 

AMIDE 

100% NYLON, FIRE RETARD- 
ANT TREATED 

389 g/m^ 

101 

FABRIC 

AMIDE- 

IMIDE/WOOL 

BLEND 

52.5% KERMEL/47.5% WOOL 

290 g/m^ 

102 

FABRIC 

COTTON 

100% COTTON DOUBLE KNIT 

335 g/m2 

103 

DRAPERY FABRIC 

ARAMID 

100% NOMEX DENSITY 

311 g/m2 

104 

FABRIC 

WOOL/ AMIDE 

BASELINE FABRIC 90% WOOL/ 
10% NYLON 

457 g/m^ 

105 

FABRIC 

NOVOLOID/ 

ARAMID 

50% KYNOL/50% NOMEX 

319 g/m- 

106 

FABRIC FOAM 

AMIDE/ 

CHLOROPRENE 

NYLON GOLD WITH VONAR 
#3 FOAM BACKING 

1367 g/m2 

107 

ELASTOMER ON 
FABRIC 

URETHANE/ 

AMIDE 

URETHANE EIJVSTOMER 
COATED ON NYLON FABRIC 

385 g/m^ 

200 

FABRIC 

NOVOLOID 

100% KYNOL FABRIC (TWILL 
WEAVE) 

244 g/m^ 

201 

FABRIC 

NOVOLOID/ 

ARAMID 

70% KYNOL/ 30% NOMEX 
(PERMANENT PRESS 
FINISHED) 

200 g/ni^ 

202 

FABRIC 

NOVOLOID/ 

ARAMID 

70% KYNOL/ 30% NOMEX 
(PERMANENT PRESS 
FINISHED) 

159 g/m2 

203 

FABRIC (NEEDLE 
PUNCH) 

NOVOLOID 
(WITH SCRIM) 

100% KYNOL BATTING ON 
POLYESTER SCRIM NEEDLE 
PUNCH 

213 g/m^ 

204 

FABRIC 

IMIDAZOLE 

POLY BENZ IMIDAZOLE FABRIC 
NATURAL AND UNSTABILIZED 
ZXI TWILL 

273 g/m^ 


205 BATTING IMIDAZOLE FBI (POLYBENZIMIDAZOLE) 118.7 g/m^ 


BATTING NATURAL UNSTA- 
BILIZED FROM STAPLE 







Table 1. Continued 


SAMPLE 

NO. 

SAMPLE 

FORM 

GENERIC 

TYPE 

MATERIAL DESCRIPTION 

DENSITY 

206 

BATTING 

IMIDAZOLE 

BLACK COLORED BATTING 
(PROPRIETARY IN NATURE) 

142.4 g/m2 

207 

BATTING 

NOVOLOID 

FIBER 

BATTING 

REMAY SPUN BONDED POLY- 
ESTER FABRIC NEEDLED 
WITH 100% KYNOL FIBER 

95 g/m^ 

208 

FOAM 

POLYCHLORO- 

PRENE 

0.156 cm THICK NEOPRENE 
FOAM WITH COTTON SCRIM 

42.5 g/cm^ 

209 

FOAM 

POLYCHLORO- 

PRENE 

0.317 cm THICK NEOPRENE 
FOAM WITH COTTON SCRIM 

723 g/cm^ 

210 

FOAM 

POLYCHLORO- 

PRENE 

0.475 cm THICK NEOPRENE 
FOAM WITH COTTON SCRIM 

954 g/cm^ 

212 

FABRIC 


DURETTE UPHOLSTERY 
FABRIC 

322 g/m^ 

213 

ELASTASTOMER 

SILICONE 

SILICONE RUBBER 

2516 g/m2 

214 

FABRIC 

ARAMID 

NOMEX III FABRIC 

254 g/m2 

215 

FABRIC 

AMIDE-IMIDE 

KERMEL FABRIC 

250 g/m2 

216 

BATTING 


DURETTE BATTING 

— 

300 

FOAM 

GLASS 

GLASS FIBER BLOCK CUSH- 
ION EDGE GRAIN BLOCKING 
OF GLASS FIBERS 

0.03-0.06 g/cm^ 

301 

INORGANIC 

FOAM 

POLY- 

PHOSPHAZENE 

APN PHOSPHAZENE OPEN 
CELL FOAM 

0.14 g/cm^ 

302 

FOAM 

URETHANE 

POLYURETHANE FOAM, 
FLEXIBLE 

0.20 g/cm^ 

303 

ELASTOMER 

SILICONE 

SILICONE RUBBER SPONGE 

0.15 g/cm^ 

304 

ELASTOMER 

SILICONE 

SILICONE RUBBER SPONGE 
(NIOSITES) 

0.19 g/cm^ 

305 

ELASTOMER 

SILICONE 

SILICONE RUBBER SPONGE 

0.21 g/cm^ 

306 

FOAM 

URETHANE 

BASELINE FOAM MATERIAL, 
POLYURETHANE FOAM, FIRE- 
RETARDANT TREATED 

0.03 g/cm^ 


16 









Table 1. Concluded 


SAMPLE 

NO. 

SAMPLE 

FORM 

GENERIC 

TYPE 

MATERIAL DESCRIPTION 

DENSITY 

307 

FOAM 

POLYCHLORO- 

PRENE 

NEOPRENE FOAM 

0.12 g/cm^ 

308 

FOAM 

POLYCHLORO- 

PRENE 

NEOPRENE FOAM 

('.14 g/cm^ 
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Table 2. Test Screening Methods. 


FABRIC SAMPLES 

MATERIAL PROPERTY 

TEST METHOD 

WEIGHT 

METHOD 5041 - FEDERAL TEST METHOD STANDARD 
NO. 191 TEXTILE TEST METHODS 

BURN 

FAR 25.853* 
FAR 25.853* 

NBS SMOKE 

NBS TECHNICAL NOTE NO. 708** 

LOI 

ASTM D2863-70 

TGA 

HEATING RATE - 20“ C/min IN AIR 

FOAM SAMPLES 

MATERIAL PROPERTY 

TEST METHOD 

DENSITY 

ASTM 1564 SUFFIX W 

BURN 

FAR 25.853 

FAR 25.853 MODIFIED 

NBS SMOKE 

NBS TECH NOTE NO. 708 

IGNITION 

ASTM D2859 

LOI 

ASTM D2863-70 

TGA 

HEATING RATE - 20“ C/mln IN IR 


‘federal aviation regulations part 25 AIRWORTHINESS 
STANDARDS: TRANSPORT CATEGORY AIRPLANES. 


**NBS TECHNICAL NOTE NO. 708; TEST METHOD FOR MFJVSURING 
THE SMOKE GENERATION CHARACTERISTICS OF SOLID MATERIALS. 
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Table 4. Fire Blocking Layers - Comparisons. 
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Table 5. Cushioning Layers - Comparisons. 
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Table 6. Performance Test Methods. 


FABRIC 

FOAM 


CHARACTERISTIC 


CHARACTERISTIC 


METHOD 

TENSILE 

♦METHOD 5100 

STEAM AUTOCLAVE 

ASTM 

1564 SECT 5-11 

ULTIMATE ELONGATION 


INDENTATION LOAD 

ASTM 

1564 METHOD A 

TEAR 

♦METHOD 5132 

DEFLECTION (ILD) 

SECT 

19-25 

SHRINKAGE 

♦METHOD 5580 

AT 25Z. 65Z 



COLORFASTNESS 

♦METHOD 5660 
♦METHOD 5651(B) 

COMPRESSION SET 

ASTM 

12-18 

1564 SECT 

CORROSION 

DPS 8.86 

CORROSION 

DPS fi 

i.86 

CLEANABILITY 

♦METHOD 5580 

TEAR 

ASTM 

156 SUFFIX G 

ABRASION 

♦METHOD 5306 





♦FEDERAL TEST METHOD STANDARD NO. 191, TEXTILE TEST METHODS 
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Table 7. Selection Criteria. 


SEAT COMPONENT 

MANDATORY REQUIREMENT 

RECOMMENDED CANDIDATE 
MATERIAL AND SAMPLE NO. 

DECORATIVE 

COVER 

FABRIC 

COLORFASTNESS, COLOR AVAIL- 
ABILITY, RESISTANCE TO IGNI- 
TION, LOW FLAME SPREAD, WEAR 
ABILITY, LOW TOXICITY, LOW 
SMOKE GENERATION 

1. AIRGARD TREATED NYLON 
(NO. 100) 

2. KERNEL 47%/WOOL 
53% BLEND 

FIRE BLOCKING LAYER 

BURN RESISTANCE, LOW SMOKE 
GENERATION, LOW HEAT RELEASE, 
LOW FLAME SPREAD, LOW 
TOXICITY, LOW THERMAL CONDUC- 
TIVITY, HIGH CHAR YIELD 

1. KYNOL NEEDLE PUNCH 
BATTING (NO. 203) 

2. VONAR NO. 3 NEOPRENE 
FOAM INTERLINER 
(NO. 210) 

3. NOMEX III NOMEX 
FABRIC (NO. 214) 

4. DURETTE DUCK 
(NO. 217) 

CUSHIONING 

LAYER 

LOW TOTAL HEAT RELEASE, LOW 
TOXICITY, LOW SMOKE GENERA- 
TION, LOW WEIGHT LOSS, RESIS- 
TANCE TO MECHANICAL BREAKDOWN 

1. HL NEOPRENE FOAM 
(NO. 307) 

2. GLASS FIBER BLOCK 
(NO. 300) 

3. SILICONE FOAM 
(NO. 303) 
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Table 8. Smoke and Burn Test Results: Aged vs Nonaged Materials 
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WOOL BLEND F 
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114. 

3 

ND*^ 

1 

5.1 



129. 

5 

IB 

BASELINE FABRIC 
(WOOL/NYLON 90:10) 

(104) 

IB 

2.3 

58. 

4 

ND*^ 

2 

2.7 

68. 

6 

ND 

100% COTTON 
DOUBLEKNIT 

(102) 

0 

o 

114. 

3 

ND*^ 

0 


116. 

8 

ND 

VONAR NO. 3 
FOAM INTERLINER 

(210) 

0 

D 

43. 
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nd“ 
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2.0 

50. 
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ND 

SILICONE FOAM 
(0.19 R/a) 

(304) 

0 
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38. 

1 

nd‘= 

0 

0.9 

22. 

9 

ND 

HL NEOPRENE FOAM 


0 

1.0 

25. 

4 

mssm 

0 

1.0 

25. 

4 

ND 

URETHANE (F.R.) 
(BASELINE FOAM) 

(306) 

D 

2.8 

71. 
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0 
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5.0 

127. 
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89 
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20. 
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®FEDERAL AVIATION REGULATIONS PART 25 TEST 25.853. 

“material aged 72 HR AT 165“ F. 
jND = NO DRIPPINGS 

®NBS TECH. NOTE 708; TEST METHOD FOR MEASURING THE SMOKE GENERATION OF SOLID 
MATERIALS. 
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FIGURE CAPTIONS 


Figure 1. 
Figure 2. 

Figure 3. 
Figure 4. 
Figure 5. 
Figure 6. 
Figure 7. 
Figure 8. 
Figure 9. 

Figure 10. 
Figure 11. 

Figure 12. 


Early passenger seat of DC-3. 

Modern day passenger scat utilizing state-of-the-art materials and 

style. 

Diagram of screening test logic tree for candidate materials. 
Thermogravlmetric analyses of decorative fabric cover materials. 
Thermogravlmetric analyses of fire blocking layer materials. 
Thermogravlmetric analyses of cushioning layer materials. 

View of disassembled animal test chamber. 

Animal test chamber completely assembled. 

Plots of time to Incapacitation (Tj) and time to death (Tj) for 
candidate decorative fabric materials. 

Fire blocking layer seat design concept. 

Plots of time to incapacitation (T^^) and time to death (T^) for 
candidate fire blocking materials. 

Plots of time to incapacitation (Tj_) and time to death (Tj) for 
candidate cushioning materials. 
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Figure 1 . 


Fairly passenger seat of DC-3 
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Figure 3. Diagram of screening test 
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Figure 4. Thermogravimetric analyses of decorative fabric cover materials 
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Figure 5. Thennogravimetrlc analyses of fire blocking layer materials. 
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Figure 6. Thermogravimetric analyses of cushioning layer materials 
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Figure 9. Plots of time to incapacitation (Tj) and time to death (T 
candidate decorative fabric materials. 
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Figure 11. Plots of time to incapacitation (Tj^) and time to death (T^j) for 

candidate fire blocking materials. 
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Figure 12. Plots of time to Incapacitation (Tj) and time to death (Tj) for 

candidate cushioning materials. 
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